Long Term Performance of a Composite Large Scale Mirror for Collecting Thomson Scattered Light by K. "Narihara. et al.
§1. Long Term Performance of a Composite 
Large Scale Mirror for Collecting 
Thomson Scattered Light 
Narihara. K., Yamada, L, Hayashi, H., Yamauchi, K. 
The TS system installed on LHD was designed so as to 
collect scattered light as efficiently as possible by adopting a 
large rectangular view window of 0.33 m x 0.58 m in 
effective area and a large mirror (1.5 m x 1.8 m) as a light 
collecting optics. In practice, it is not easy to fabricate a 
mirror of this size and shape as one body; even if it is 
possible it would be very expensive. To alleviate this 
technical difficulty we adopted a composite mirror 
composed of many segment mirrors patched on a framework 
of the desired size and shape. During six years operation 
after first assembling, we occasionally checked the 
perfonnance (degradation) of the composite mirror. Here, 
we give brief description of the long tenn performance 
together with the initial design consideration [I J. 
The TS installed on LHD adopts a backward scattering 
configuration with the laser window and the viewing 
window on the same vertical port (40). The position, shape 
and inclination of the obserVation window were determined 
so that the whole image of the laser beam in the plasma can 
be observed with highest spatial resolution and with largest 
solid angle. The center of the mirror's curvature (CMC) is 
located near the center of the window, minimizing all but 
spherical aberrations. The linear size of the composite 
mirror is proportional to the radius of the mirror's curvature 
(R,). We chose to optimize R,=4.5 m and a rectangular 
mirror of 1.5 m x 1.8 m. The mirror was to be set at R=12 m 
from the center of LHD with its side inclined 30 degrees 
from the vertical line. Considering the possibilities that the 
magnetic field and the room temperature change 
occasionally, we chose glass fiber reinforced plastic (GFRP) 
as material for the framework, which has a high electric 
resistivity, small linear thennal expansion coefficient and 
high strength. 
The number of the segment mirrors, Nm, was a key 
parameter in designing a composite mirror. As easily 
imaged, the smaller Nm will make the assembled mirror 
thicker, heavier and therefore more expensive; furthennore, 
it will introduce a larger r.m.s deviation from an ideal 
spherical surface. Conversely, the· larger Nm scheme, which 
uses many smaller size segment mirrors, will encounter a 
difficulty of preparing a large number of mirrors with R, 
-4.5m and Ii R, <2mm, the fabrication of such being much 
easier for a larger size mirror. Balancing the positive and 
negative factors involved, we chose Nm = 138, which gives a 
rough optimization in the optical performance and the 
construction cost. 
In order to get the highest rigidity with a minimum 
amount of material weight, we adopted a 'honey comb' 
structure for the framework, by bonding 14 different 10 mm 
thick GFRP planes together. On the hollow side, we patched 
138 adjustment GFRP planes of 10 mm in thickness with 3 
threaded-holes for pushing and 3 through-holes for pulling it. 
Four pins set at four sides guaranteed precise positioning. 
150 
On the back of the 'honey comb' we bonded a 10 mm thick 
GFRP plane with 138 holes of 100 mm in diameter for 
accessing the adjustment screws. The basic segment ~irrors 
are 2 em thick hexagon with side length of 87 mm. 
In the actually used position, the orientation of each 
mirror was fine tuned in the set-up shown in Fig.1. A tiny 
light source of 0.1 mm in diameter (a tip of an optical fiber 
of 0.1 mm in diameter and N.A-0.2) and a CCD plate, each 
being separated by 30 mm, were arranged so that the image 
of the mirror was located at the center of CCD. Illuminating 
a segment mirror to be measured, with all other mirrors 
being covered by paper masks, its image position on the 
CCD is adjusted by rotating 2 pushing screws so that it 
coincides with a common focal point on the CCD plate. 
Fig.l. Setup for aligning the orientations of segment mirrors. 
Just after the assembly, the image size fonned by all 
segment mirrors was around 0.6 mm in diameter. The image 
size measured about one year after the assembly showed 
appreciable growth and defonnation like Andromeda nebula. 
After a readjustment, the image size grew only moderately. 
Probably, the surfaces bonded together crept in the epoxy 
layer before it hardened completely. The image size after 5 
years operation is within less than 1 mm in diameter, which 
is still small enough to focus the scattered light from the 
laser beam less than 3 mm in diameter onto the tip of 2 mm 
diameter optical fiber cut at the Brewster angle. Several 
mirrors' images, however, deviate largely from the common 
focal point, the reason of which is under examination. Loss 
of surface reflectivity is another concern in view of keeping 
the light collection capability high. After five years usage, 
the surface became somewhat misty in the visible region. 
We tried to softly wipe off the substance adhering on the 
surface by using detergent, but because of tenderness of the 
gold coat we could not remove it completely. A rough 
reflectivity measurement showed, however, that the 
reflectivity drop in the red-to-near infrared region is 
negligible. 
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